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Qianqian Dong P remature ejaculation (PE) is the most commonly reported form of sexual dysfunction in men, with a prevalence varying from 19% to about 30% in the male population. 1 PE refers to an inability to delay ejaculation or having less perceived control over ejaculation, based on the guidelines for PE of The International Society for Sexual Medicine (ISSM) published in 2014. 2 To some extent, the quality of life for patients and their partners, including the sexual satisfaction of both partners, sexual confidence, and interpersonal relationships, are influenced by PE. 3, 4 Above all, PE is an important factor affecting the overall quality-oflife that cannot be ignored, particularly due to its high prevalence. Treatments recommended for PE include behavioral psychotherapy, drug therapy or a combination. Dapoxetine is one of the most widely used oral medications, though not always the most acceptable to the patient. [5] [6] [7] Although previous reviews have evaluated the efficacy and safety of dapoxetine in the treatment of PE, [8] [9] [10] all used pooled data on patient-reported global impression of change (PGIC) except for which included trials included patients with concomitant premature ejaculation and erectile dysfunction that may have biased the results. However, whether dapoxetine is efficacious and safe for the treatment of PE is still controversial. Motivated by these considerations, the goal of this analysis was to systematically evaluate the efficacy and safety profile of dapoxetine for men with PE, and use trial sequential analysis (TSA) to determine the sufficiency and conclusion of the available evidence in this meta-analysis. 9 
METHODS

Search strategy and information sources
Our meta-analysis adhered to the statement of PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses). 12 The study was not previously registered so a protocol was not published. We screened literature from PubMed (July 2017), EMBASE (July 2017), Cochrane Library databases (July 2017), China National Knowledge Infrastructure (July 2017) (www.cnki.net), and Wanfang database (July 2017) (www.wanfangdata.com. cn) with the search terms "dapoxetine" OR "Priligy" (trade name for dapoxetine) AND "premature ejaculation (PE)" without language restrictions. Furthermore, we also searched the references from included reviews for further studies.
Study selection and data extraction
The study selection was independently performed by two investigators (L.J. and L.D.Z.). Any discrepancy between the two investigators was resolved by discussions or a third opinion (J.F.W.). First, we screened the titles and abstracts to exclude the obviously irrelevant reports, then made a selection based on a review of the full text for the remaining reports. For all potential studies, the inclusion criteria were as follows: (1) the age of patients ≥18 years; the patients were diagnosed with PE; the patients were treated with oral dapoxetine on-demand (1-3 hours before anticipated sexual intercourse); (2) the treatment intervention was dapoxetine versus placebo or another drug intervention; 9 (3) and study design was a randomized controlled trial (RCT). Studies were excluded if: (1) studies were quasi-RCTs or not RCTs; (2) the patients were diagnosed with other andrologic conditions in terms of sexual function; 9 and (3) patients were treated with a daily fixed oral dose; (4) and the studies included interventions other than dapoxetine.
9
The data was extracted from the eligible studies independently by two reviewers using a standard form containing the following items: author and year of publication, number of participants, intervention, treatment duration and outcomes. The primary outcome was intravaginal ejaculatory latency time (IELT). 9 Secondary outcomes were patient global impression of change (PGIC) and treatment-emergent adverse events (AEs). 9 Especially, PGIC also referred to the clinical global impression of change in some studies, which was rated on a seven-point scale (became much worse, worse, slightly worse, no change, slightly better, better, or much better after treatment). 9 In this study, the level of the improvement for PGIC was defined as at least "better".
Quality assessment
The seven following items from the Cochrane Handbook for Systematic Reviews of Interventions were used by two reviewers to assess the quality of the included studies: (1) random sequence generation; (2) allocation concealment; (3) blinding of participants; (4) blinding of outcome assessment; (5) incomplete outcome data; (6) selective reporting and (7) other biases. 13 
Statistical analysis
Risk ratios (RR) with 95% CIs were calculated for PGICs and AEs. The data are plotted as Forest plots. The I 2 statistic and the Mantel-Haenszel chi-squared test were used to evaluate the heterogeneity among the studies, and an I 2 >50% was regarded as significant heterogeneity.
14 When heterogeneity among studies existed, a random-effects model was used; otherwise a fixed effects model was applied. A sensitivity analysis and subgroup analysis were also performed to test the results of the study. For all statistical results, P value less than .05 was considered to indicate a statistically significant difference. Meta-analysis was performed using Review 
Trial sequential analysis
Repeated updates of meta-analyses with new RCTs increases random errors, which may lead to overestimation of intervention effects and spurious results (false positives). 15, 16 To control for increased random error, trial sequential analysis (TSA) generates monitoring boundaries and estimates an optimal sample size in cumulative meta-analyses, which create thresholds for declaring significance. 17, 18 When a new study is included in a meta-analysis, significance is tested and confidence intervals are estimated. Cumulative Z-curves representing the findings of the data are created. Furthermore, when the Z-curves surpass the trial sequential monitoring boundary, the level of evidence is sufficient and further trials are deemed futile. TSA also determines boundaries for the benefit and harm and the boundary for futility. If one of the boundaries or the optimal sample size in cumulative meta-analyses are reached, the conclusion might be considered confirmed and no further trials are needed. Conversely, if no boundaries are reached, more trials are needed to clarify the conclusion.
19-21 For our TSA, a two-sided trial sequential monitoring boundary type was used. The required information size (RIS) was calculated with a=0.05, b=0.20. The control event proportions were calculated from the present meta-analysis and a relative risk reduction of 20% was calculated from included studies. The software TSA version 0.9 beta (Copenhagen Trial Unit) was used for these analyses (Copenhagen Trial Unit, Centre for Clinical Intervention Research, www.ctu.dk/tsa). An update to TSA version 0.9.5.10 beta applied only to
Figures 4, 5A, and 5B and these figures were subsequently updated. A regeneration of the graphs using the new software showed no changes in the graphs.
RESULTS
Search results and reporting quality
After searching the databases and removing duplicates, we obtained 24 articles for full-text evaluation. Of these, 16 articles were excluded leaving 8 studies that were included in this meta-analysis ( Figure 1) . The characteristics and patient demographic data are summarized in Table 1 . Four single-center studies [22] [23] [24] [25] and four multicenter studies 7,26-28 were identified. Five studies enrolled participants who met the Diagnostic and Statistical Manual of Mental Disorders, fourth edition, text revision (DSM-IV-TR) criteria for PE and the others met the ISSM criteria. All participants reported their PE as at least "moderate". All selected studies were designed as RCTs and clearly described the sequence generation. A double-blind was used in five studies, and the others were single-blind. Two studies described allocation concealment and four studies applied intent-to-treat analysis. The assessment of risk of bias of each methodological component was conducted by the Cochrane risk bias tool. Figure 2A and 2B present the summary of risk of bias.
Primary outcome: intravaginal ejaculatory latency time
Five studies evaluating dapoxetine versus placebo were enrolled in the analysis of IELT. 7, [24] [25] [26] [27] The pooled estimate presented an MD of 1.18 minutes (95% CI 1.11-1.25; P<.00001; P for heterogeneity=.002, I 2 =71%) ( Figure 3A ) in favor of participants who received dapoxetine. The I 2 was 71% indicating that heterogeneity existed in the pooled studies, and a subgroup analysis, performed to decrease the heterogeneity, showed a statistically significant increase in IELT in both the 30-mg group (fixed effects model, MD 1.13min, 95% CI 1.06-1.21; P<.00001; P for heterogeneity=.41, I
2 =0%) and 60-mg group (MD 1.62 min, 95% CI 1.40-1.84; P<.00001; P for heterogeneity=.71, I 2 =0%). The subgroup analysis of the dapoxetine group treated with 60 mg or 30 mg both indicated a significant improvement compared with placebo. Sensitivity analysis indicated that the study conducted by Abu El-Hamd was the source of the heterogeneity. 25 After removing the outlier study, the result was stable. In addition, four studies 7, 23, 26, 27 compared the IELT between dopaxetine 30-mg and dopaxetine 60-mg groups, which was significantly different ( Figure 3B ). Sensitivity analysis showed that the result was stable. For the two groups (30 mg versus placebo and 30 mg versus 60 mg), TSA showed that the Z-curves crossed both the conventional boundary and the trial sequential monitoring boundary. Thus, the conclusion is reliable and further trials are not needed (Figure 4 and 5A) . In regard to 60 mg versus placebo, the RIS was not renderable because the first information fraction exceeded 100% of the RIS, so we think the level of evidence was reached ( Figure 5B) . The Z curve has crossed the conventional boundary for harm and trial sequential monitoring boundary for harm, indicating the conclusion is sufficient and no more trials are needed.
The secondary outcome: patient global impression of change
The PGIC of dapoxetine 30 mg versus placebo groups were compared in two studies 7, 26 with 1376 patients, and the PGIC of dapoxetine 60 mg versus placebo subgroups were compared in three studies 7, 26, 28 with 2029 patients. Pooled analysis showed that the PGIC in the dapoxetine group was significantly higher than in the placebo group. The overall RR was 1.98 (95% CI1.76-2.23; P<.00001; P for heterogeneity=.34, I 2 =12%) ( Figure 6A ). The subgroup analysis showed that the dapoxetine (for both 30 mg and 60 mg groups) was significantly different from the placebo group in PGIC (RR: 1.81, 95% CI: 1.51-2.19, P<.00001; and RR: 2.10, 95% CI:1.80-2.44, P<.00001). In addition, the analysis of two studies 7, 26 comparing dapoxetine 30 mg with dapoxetine 60 mg for PGIC indicated that dapoxetine 60 mg was significantly associated with a greater improvement in PGIC than dapoxetine 30 mg (RR: 0.84, 95% CI: 0.73-0.97; P=.01) ( Figure 6B) . 4 Sensitivity analysis showed that the results were stable for the above three groups. Besides, when applying TSA, the Z-curve crossed both the conventional boundary and the trial sequential monitoring boundary, and thus the conclusion was reliable and further trials are not needed ( Figure 5C, 5D, 5E ).
The secondary outcome: adverse events
Five studies 7, 22, 23, 25, 26 were included in the analysis of AE incidence for dapoxetine 30 mg versus placebo and five studies 7, 22, 23, 26, 28 for dapoxetine 60 mg versus placebo. The pooled analysis suggested an RR of 2.36 (95% CI 1.76-3.16; P<.00001) ( Figure 7A ) in favor of the dapoxetine (30 mg and 60 mg) groups. The subgroup analysis showed that the AE incidence of dapoxetine (for both 30 mg and 60 mg groups) was significantly higher than the placebo group (RR: 2.13, 95% CI: 1.50-3.02, P<.00001; and RR: 2.52, 95%CI: 1.58-4.03, P<.00001, respectively). In addition, an analysis of four studies 7, 22, 26, 27 comparing dapoxetine 30 mg with dapoxetine 60 mg for AEs indicated that the AE incidence in dapoxetine 60 mg group was significantly higher than dapoxetine 30 mg group (RR: 0.65, 95% CI: 0.54-0.79; P<.00001) ( Figure 7B ). For the above three groups, sensitivity analysis showed that the results were stable. TSA on AEs in above three groups showed that the cumulative Z-curve crossed both the conventional boundary and the trial sequential monitoring boundary, establishing sufficient and conclusive evidence ( Figure 5F , 5G, 5H).
Publication bias
Because of the small number of studies in this review, approaches for assessing publication bias are not validated and may not truly reflect publication bias. Thus, assessment of publication bias was not performed.
29,30
DISCUSSION
Our meta-analysis found that dapoxetine significantly improved the conditions of PE compared to placebo and this was further validated by TSA. Contrary to previous meta-analyses that included patients in different settings, we focused on patients treated with dapoxetine on-demand and patients evaluated by the PGIC in PE with the level of at least "better". Such measures contribute to decreased heterogeneity and may result in a more reliable result. At the start of our meta-analy- Figure 5B . Trial sequential analysis for IELT for dapoxetine 60 mg versus placebo. The Z curve and boundaries are as in Figure 4 . The RIS was not renderable because the first information fraction exceeded 100% of the RIS. The Z curve has crossed the conventional boundary for harm and required information size, showing that the conclusion is sufficient and no more trials are needed. Figure 5C . Trial sequential analysis for PGIC for dapoxetine 30 mg versus placebo. The Z curve and boundaries are as in Figure 4 . The two red lines that intersect the horizontal coordinate line represent the futility boundary. The required information size was calculated as 2576. The Z curve has crossed the conventional boundary for harm and trial sequential monitoring boundary for harm, indicating sufficient power to draw a definitive conclusion and no more trials are needed. Figure 5D . Trial sequential analysis for PGIC for dapoxetine 60 mg versus placebo. The Z curve and boundaries are as in Figure 4 . The two red lines that intersect the horizontal coordinate line represent the futility boundary. The required information size was calculated as 3342. The Z curve has crossed the conventional boundary for harm and trial sequential monitoring boundary for harm, indicating sufficient power to draw a definitive conclusion and no more trials are needed. Figure 5A . Trial sequential analysis for IELT for dapoxetine 30 mg versus dapoxetine 60 mg. The Z curve and boundaries are as in Figure 4 . The required information size was calculated as 4114. The Z curve has crossed the conventional boundary for benefit and trial sequential monitoring boundary for benefit, indicating sufficient power to draw a definitive conclusion and no more trials are needed. Figure 5E . Trial sequential analysis for PGIC for dapoxetine 30 mg versus dapoxetine 60 mg. The Z curve and boundaries are as in Figure 4 . The required information size was calculated as 1663. The Z curve has across the conventional boundary for benefit and trial sequential monitoring boundary for benefit, indicating sufficient power to draw a definitive conclusion and no more trials are needed. Figure 5F . Trial sequential analysis for AEs for dapoxetine 30 mg versus placebo. The Z curve and boundaries are as in Figure 4 . The required information size was calculated as 35923. The Z curve has crossed the conventional boundary for harm and trial sequential monitoring boundary for harm, indicating sufficient power to draw a definitive conclusion and no more trials are needed. Figure 5G . Trial sequential analysis for AEs for dapoxetine 60 mg versus placebo. The Z curve and boundaries are as in Figure 4 . The Z curve and boundaries are as in Figure  4 . The required information size was calculated as 90530. The Z curve has crossed the conventional boundary for harm and trial sequential monitoring boundary for harm, indicating sufficient power to draw a definitive conclusion and no more trials are needed. Figure 5H . Trial sequential analysis for AEs for dapoxetine 30 mg versus dapoxetine 60 mg. The Z curve and boundaries are as in Figure 4 . The two red lines that intersect the horizontal coordinate line represent the futility boundary. The required information size was calculated as 5626. The Z curve has crossed the conventional boundary for benefit and trial sequential monitoring boundary for benefit, indicating sufficient power to draw a definitive conclusion and no more trials are needed. sis, a precise search strategy, quality assessment criteria, data abstraction and analysis were clearly defined. Therefore, studies of patients with concomitant erectile dysfunction, 31 studies including patients receiving dapoxetine daily 32, 33 and studies with repeated data were excluded. 34 No articles from the gray literature were found after an extensive search strategy, while some valuable unpublished information maybe still exist. Ultimately, eight RCTs were identified for inclusion in the present meta-analysis.
An increase in IELT is the main goal of PE therapy. The present meta-analysis suggested that IELT significantly increased with dapoxetine (30 mg and 60 mg) versus placebo. In addition, the outcome of the meta-analysis comparing dapoxetine 60 mg with 30 mg on-demand orally showed that there was a significant increase in IELT. Thus, 60-mg dapoxetine increased IELT more obviously than 30 mg on-demand for PE. Moreover, dapoxetine (30 mg and 60 mg) significantly improved PGIC compared with placebo; the 60-mg group had an advantage over the 30-mg group in PGIC. The outcomes in our meta-analysis, including IELT and PGIC evaluations, showed significant efficacy in improving PE. However, even if each subgroup was characterized by low heterogeneity, this result should be interpreted with caution because of the diversity in population in terms of the demographic characteristics, geographic regions, races, and baseline IELT.
Our analysis indicated that the incidence of AEs was more frequent with dapoxetine than with placebo. 4 The most frequently reported AEs were nausea, dizziness, diarrhea, insomnia, and headache. However, dapoxetine was well tolerated with a low incidence of AEs. Furthermore, most AEs occurred with the first dose, [31] [32] [33] [34] [35] [36] [37] and all of these AEs occurred more frequently with dapoxetine 60 mg than 30 mg. Thus, the recommended starting dose is 30 mg. The dose may be escalated to 60 mg if the treatment effect is insufficient and the 30-mg dose is well tolerated. During this process, although some AEs were uncommon, cases of orthostatic hypotension and syncope (including loss of consciousness) were also reported in the dapoxetine arm, especially within 3 hours of the first dose. Thus, special attention should be given to related AEs. 31, 34, 38 To increase the robustness of the present metaanalysis, we performed TSA to control the risk of random error due to repetitive testing. To our knowledge, this is the first study to assess the efficacy and safety of dapoxetine with the TSA method. TSA shows that the evidence of this meta-analysis was sufficient to confirm our conclusions about IELT, PGIC and AEs. Therefore, no further studies are needed. However, some limita- Figure 7B . Estimates forthe risk ratio for AEs for dapoxetine 30 mg group and 60 mg group.
tions existed in the present meta-analysis. Though conference articles and clinical trial information had been screened, unpublished manuscripts and data may exist. Incorrect classification of patients (lifelong vs acquired PE) and inconsistent criteria of the diagnosis of PE both can lead to bias. In addition, some studies were sponsored by industry. 7, 22, [25] [26] [27] Whether the studies used intention-to-treat analysis or not may impact the result of the included studies, which may lead to differences in outcomes. Thus, the risk of potential heterogeneity was inevitable although subgroup analysis and sensitivity analysis were conducted to minimize these effects.
In conclusion, the present meta-analyses supports the notion that dapoxetine (30 mg or 60 mg) yielded favorable results in IELT and PGIC compared with placebo. Moreover, 60 mg had an advantage over 30-mg dapoxetine. Dapoxetine was well tolerated, and generally safe. Use of TSA allows us to make firm conclusions for the IELT, PGIC and AEs.
